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SWITCH, CIRCUITRY, AND METHOD OF 
ASSEMBLY FOR ELECTROSURGICAL 

PENCIL 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to an assemblage of electri 
cally conductive components for poWer switching in electri 
cal apparatus hand pieces, and to automated assembly of the 
such components into a molded insulative holding and posi 
tioning body (herein the “Cabinet,”). More speci?cally, the 
present invention is a method for automating the manufacture 
and combination of current carrying metal circuitry, and asso 
ciated sWitching components, Which alloWs further auto 
mated assembly of such circuitry, sWitching components, and 
a Cabinet into the holloW body housing of an electrosurgical 
apparatus. The assembly of the present invention create an 
improved tool for surgical cutting, coagulation, and cauteriZ 
ing. Such tools are generally referred to in surgery as “elec 
trosurgical pencils,” and the present invention Will generally 
be termed herein the “Pencil.” When the Cabinet and the 
electrically conductive components are eventually assembled 
into the hand piece of the Pencil, the present invention spe 
ci?cally includes the electrically coacting apparatus of the 
circuitry and metal “dome” activation components, along 
With the Cabinet, Which altogether comprise the operable 
conductive and non-conductive components for opening and 
closing the circuit (i.e., the “SWitch”) Which supplies current 
to an active terminal at the distal end of the Pencil. In opera 
tion, the Pencil alloWs, at its distal end, the application of high 
frequency or high poWer electrical current to a surgical site, 
and control of such current through coaction of the elements 
of the SWitch. In manufacture, the design of the SWitch com 
ponents alloWs start-to-?nish automated assembly of the 
SWitch and the Pencil, in an industry Which knoWs only 
partially automated assembly, and partial assembly by hand. 

BACKGROUND ART OF THE INVENTION 

Electrosurgical instruments have become Widely used by 
surgeons in recent years. Most electrosurgical instruments 
include a hand-held instrument, or pencil, Which transfers 
radio-frequency (RF) electrical energy (electrical current) to 
a tissue site. The electrical current may be returned to the 
source via a return electrode pad positioned under a patient 
(typically monopolar use), or a smaller return electrode posi 
tioned in bodily contact With or immediately adjacent to the 
surgical site (typically bipolar use). The Waveforms Which 
result from the RF electrical current may be used to produce 
a variety of effects, depending on the poWer applied, and the 
frequency used. These effects include surgical cutting, coagu 
lation, and cauteriZing (or sealing), by application of electric 
current to biological tissue. The current is produced by radio 
frequency electrical energy generated from an appropriate 
electrosurgical generator. 

These useful effects are produced during surgery by “elec 
trosurgical pencils,” surgical instruments Which have a hand 
piece, to Which is attached an active electrode. The main body 
of the hand piece for most electrosurgical pencils is com 
prised of a molded plastic hand piece, Within Which resides a 
second plastic holder, for positioning and holding appropriate 
electrical circuitry, Which acts as a conduit for electrical cur 
rent, and a sWitch (or sWitches) by Which the current may be 
controlled. The active electrode, at the distal end of the elec 
trosurgical pencil, is, by such sWitch or sWitches, electrically 
connected, through the electrical circuitry Within the interior 
plastic holder, to a suitable RF source of electrical current 
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2 
(i.e., an electrosurgical generator, or “generator”) Which pro 
duces the radio-frequency electrical energy necessary for the 
operation of the electrosurgical pencil. 

In general, When a monopolar procedure is performed on a 
patient With an electrosurgical pencil, electrical energy from 
the generator is conducted through the active electrode to the 
tissue at the site of the operation and then through the patient 
to a return electrode. The return electrode is typically placed 
at a convenient place on the patient’s body and is attached to 
the generator by a conductive material. The active electrode is 
an electrically conducting element Which comes in a variety 
of forms, so that the surgeon may apply the electrical energy 
from the electrosurgical pencil in a variety of Ways. 
When a bipolar procedure is performed on a patient With an 

electrosurgical pencil, electrical energy from the generator is 
conducted through and active electrode to the tissue at the site 
of the operation, and then through the patient tissue to a return 
electrode. The return electrode in such case is proximal to the 
active electrode, typically Within millimeters distance, and 
provides a return path to the generator, alleviating the need for 
a separate return pad electrode as used in monopolar proce 
dures. 
The electrosurgical pencils already in use may be operated 

by a handsWitch or a foot sWitch. HoWever, hand sWitching on 
the hand piece of the electrosurgical pencil has become the 
standard method for changing the electrical current from that 
suitable for surgical cutting, to coagulation and cauteriZing, 
and back to cutting. Typically, electrosurgical instrument sys 
tems alloW the surgeon to change betWeen tWo pre-con?gured 
settings (i.e., coagulation and cutting) via tWo discrete but 
tons disposed on the exterior of the electrosurgical pencil 
(external “Buttons”). Such Buttons, When pressed, generally 
activate another conductive or non-conductive component, 
Which then activates the conductive sWitching elements of the 
electro surgical pencil, thereby alloWing current to How 
through the electrosurgical pencil to the active electrode. 
Other sWitching arrangements have been developed, includ 
ing three button systems and rocker arm systems, depending 
on the number of functions Which are desired, and the sur 
geon’s preferred sWitching “feel” and activation method. 

Regardless of the sWitch type and number of settings, many 
sWitches for electrosurgical pencils presently in use utiliZe 
suitably siZed, stamped, metal to form the electrical circuitry 
Which carries current from the electrical generator leads, 
through one or more electrical conductors (or conducting 
strips), to the active electrode. Other sWitches for electrosur 
gical pencil include the use of small printed circuit boards 
(“PCBs”), With attached conductors, dome sWitches, and 
various connectors. Once a sWitch has been assembled, it may 
then be incorporated as a sub-assembly into the hand piece of 
an electrosurgical pencil. 

Examples of such stamped electrical circuitry may be 
found in US. Pat. Nos. 5,376,089 and 4,427,006. US. Pat. 
No. 5,376,089 shoWs an invention in Which the circuitry of the 
electrosurgical pencil sWitch is stamped in a single piece, to 
form the totality of the sWitching circuitry, and then stamped 
again at a number of “punch points,” to electrically isolate 
each of the conducting strips of the sWitch after the conduct 
ing strips are positioned and secured Within a housing. After 
securing the conducting strips, the sWitch sub-assembly is 
then assembled Within the housing of an electrosurgical pen 
cil. 
One bene?t of stamping sWitch circuitry in a single piece is 

ease of manufacture, as stamping all the circuitry in a single 
piece avoids Wiring by hand in a “bread board” fashion, With 
conducting Wire and solder. Another bene?t of stamping 
sWitch circuitry is the creation, With one single stamping, of 
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all electrical conducting strips necessary to conduct current 
from generator leads to active electrode. At the same time, the 
stamping operation may be used to create electrical spring 
contacts, as in US. Pat. No. 5,376,089, or “cantilevered con 
ductor strips,” as in US. Pat. No. 4,427,006 (collectively, 
these may be termed “Spring Contacts”). The Spring Con 
tacts generally provide the resistive mechanism necessary to 
break electrical contact betWeen the generator leads and the 
active electrode. In operation, the Spring Contacts may ?ex, 
to make electrical contact betWeen the otherWise electrically 
isolated electrical strips of the electrosurgical pencil sWitch 
circuitry. Flexing of the Spring Contacts occurs When buttons 
Which may be reached and activated from the exterior of the 
electrosurgical pencil hand piece are pressed. As resilient 
pieces, hoWever, the Spring Contacts may also return to their 
original positions, or move partially to their original posi 
tions, to break electrical contact, and thereby again electri 
cally isolate the electrical strips of the electrosurgical pencil 
sWitch circuitry. This occurs When pressure on the accessible 
exterior buttons is reduced. 

The largest single problem With most common sWitching 
arrangements is that, While the electrosurgical pencil sWitch 
circuitry as a Whole may be stamped in a single piece, the 
conducting strips of the circuitry must be stamped again at the 
“punch points” to electrically isolate each of the conducting 
strips. This second, punch point, stamping generally takes 
place before the conducting strips of the electrosurgical pen 
cil sWitch circuitry are fastened in place Within the molded 
insulative holding and positioning body of the hand piece of 
the electrosurgical pencil. As a result, the conducting strips of 
the electrosurgical pencil sWitch circuitry, or other necessary 
electrical components such as “dome switches,” must be 
located by human eyes, selected With human thought, and 
touched by human hands. Hand labor, in fact, is often neces 
sary, depending on the arrangement utiliZed, to locate the 
correct electrical component for loading into the molded 
insulative holding and positioning body, positioning such 
components Within that body, or fastening such components 
in place. As the electrical components of electrosurgical pen 
cil sWitches are small, such Work by humans is sloW, some 
times inaccurate, and often requires special tools or fasteners. 

In a small number of sWitching arrangements Where the 
circuitry is stamped in a single piece, the conducting strips of 
the circuitry may be stamped at the punch points to electri 
cally isolate each of the conducting strips after the conducting 
strips are fastened in place Within the molded insulative hold 
ing body of the hand piece. This kind of manufacture, Which 
may be seen in US. Pat. No. 5,376,089, alloWs the elimina 
tion of some human handling of small sWitch parts, hoWever 
some assembly by hand is still necessary even in the invention 
of this patent, as the dome shaped members Which make 
contact With underlying Spring Contacts must be positioned 
after the molded insulative holding body of the hand piece is 
assembled, and sealing tape is placed such dome shaped 
members. As a result, the conducting some conductive and 
non-conductive components of all electrosurgical pencil 
sWitches presently must still be located, selected, and posi 
tioned by human hands. 
As electrosurgical pencils are, even When assembled by 

humans, relatively small and simple devices, and used by 
medical professionals under circumstances Which bene?t 
from a “disposable” tool, electrosurgical pencils have 
become less expensive to produce. HoWever, like most manu 
factured items, and all medical tools (especially inexpensive 
medical tools), the distribution of electrosurgical pencil adds 
greatly to their overall cost to the surgical profession and, 
ultimately, to their patients and health care costs. What is 
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4 
needed, then, is an even less resource intensive method of 
manufacturing electrosurgical pencils, particularly at the 
stage Where the electrosurgical pencil sWitch circuitry is 
loaded into the molded insulative holding and positioning 
body of the electrosurgical pencil hand piece. 
The SWitch of the Pencil of the present invention reduces 

the cost of manufacture of electrosurgical pencil by eliminat 
ing human selection and handling during the assembly of 
electrosurgical pencil sWitches and hand pieces. The design 
of the SWitch alloWs this through an innovative design in the 
SWitch circuitry and other electrical components, Which 
alloWs 100% machine assembly (i.e., the assembly of the 
SWitch and Cabinet of the hand piece is entirely automated), 
and by use of otherWise common components. The present 
invention thereby overcomes the cost draWbacks of prior 
devices, saving signi?cant manufacturing costs, Which 
results in the saving of dollars of unnecessary cost to the 
surgeon, and tens of dollars of extra cost to the patient or her 
insurer. 
The SWitch of the Pencil of the present invention also 

alloWs use of commonly available, inexpensive, and stan 
dardiZed “snap dome springs.” The Dome Springs, Which 
may be of formed from different materials and different thick 
nesses, provide a variety of electrical contact closing forces. 
The Dome Springs therefore provide a variety of pressures 
and “actions” When depressing or releasing the exterior acti 
vation buttons of the Pencil during use. This is important, as 
individual surgeons, having individual strengths and prefer 
ences, Wish to select the tactile feel of the tool they Will use 
While undertaking the delicate tasks of cutting and cauteriZ 
ing. 
No patent or electrosurgical pencil of Which the inventor is 

aWare alloWs automation of the assembly of the electrosurgi 
cal pencil hand piece, to reduce costs, and free up direct 
human attention and effort, and no electrosurgical pencil of 
Which the inventor is aWare alloWs the surgeon to so ?nely 
select the tactile feel of her electrosurgical pencil by selecting 
activation button pressure and action in a electrosurgical pen 
cil costing so little. 

DISCLOSURE OF INVENTION 

Summary of the Invention 

In its simplest form, the SWitch of the present invention is 
comprised of a unitary, stamped, metal frame, formed to ?t 
snugly or integrally Within a molded, insulated Cabinet body, 
and electrical contact closing means consisting of inexpen 
sive, standardiZed, “snap dome springs” (“Dome Springs”). 
The Dome Springs may be activated by a surgeon from the 
exterior of the electrosurgical pencil housing With buttons, 
Which have stems Which extend through the electrosurgical 
pencil hand piece outer housing, and into the interior of the 
Cabinet, to points adjacent the convex surfaces of the Dome 
Springs (the “Buttons”). The Buttons, as noted above, may 
also activate another non-conductive component, Which then 
activates the conductive sWitching elements of the electro sur 
gical pencil. Whatever the shape of the Buttons, hoWever, 
pressing them alloWs current to How through the electrosur 
gical pencil to the active electrode. 
The metal frame of the present invention is formed from a 

single stamp from a blank metal sheet. The metal sheet is 
thick enough and conductive enough to carry current su?i 
cient to cut, coagulate, ablate, excise, cauteriZe, or seal tissues 
by application of electric current to biological tissue through 
an active electrode. The metal frame, once stamped, forms at 
least three conducting strips, a “main” conducting strip, 
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Which provides an electrical connection between the main 
contact lead from an electrosurgical generator, and tWo side 
conducting strips Which provide electrical connections 
betWeen sWitch leads from the same electrosurgical genera 
tor. 

When initially formed, all three conducting strips, remain 
physically and electrically connected to portions of the metal 
frame Which Will eventually be discarded by narroW portions 
of the metal frame Which Will eventually be cut. Each of these 
narroW portions of metal frame are narroW necks of metal 
connecting tWo larger metal areas, much as an isthmus of land 
connects to larger areas of land. In this application, these 
narroW necks of metal connecting tWo larger metal areas are 
termed “Isthmus.” In the present invention, one or more “Strip 
Isthmus,” and in one preferred embodiment six Strip Isthmus, 
are formed from the same blank of metal from Which the 
metal frame as a Whole is formed. Initially, these Strip Isth 
mus electrically connect the main conducting strip With the 
tWo side conducting strips, hoWever after cutting or punching 
the Isthmus, the main conducting strip and tWo side conduct 
ing strips are physically and electrically isolated. The physi 
cal support provided by the Strip Isthmus betWeen the main 
conducting strip and the tWo side conducting strips early in 
the SWitch assembly process alloW the main conducting strip 
and side conducting strips to be handled as a unit, until such 
time as these components are secured in the insulative molded 
Cabinet parts. After these components have been secured, the 
main and side conducting strips may be physically and elec 
trically separated from one another by cutting or punching the 
Strip Isthmus. 
By maintaining a physical unit of strips in this Way, and 

securing them Within a Cabinet, this con?guration for con 
ducting strips, and this assembly procedure, alloWs produc 
tion of the SWitch in a fully automated process, by applying 
machinery to join a frame With corresponding molded plastic 
components, and then separating the conducting strips of 
metal frames by cutting or punching the Strip Isthmus 
betWeen them (as noted beloW, other Strip Isthmus connect 
one metal frame to another metal frame early in the assembly 
process, and provide a similar function of support, until such 
time as the metal frames are secured in corresponding Cabi 

nets). 
Other portions of the metal frame, intended to be active 

components of the SWitch circuitry, are bent to serve as con 
tacts for connecting to the leads from the electrosurgical 
generator. These Will be insulation displacement connectors 
in the fully assembled SWitch. Other portions of the metal 
frame are crimped to form a tubular end, for receiving the 
active electrode, or are formed to become the active electrode. 
In the preferred embodiment, the main conducting strip also 
has tWo “bays” cut in opposite sides of the main conducting 
strip. The tWo side conducting strips are formed With protru 
sions Which extend into the bays of the main conducting strip, 
and the ends of such protrusions are positioned approxi 
mately in the center of the bays. In the preferred embodiment, 
the protrusions are crimped so as to dip slightly beloW the 
level established by the rest of the metal frame, before retum 
ing substantially to that frame level. The loWered portions of 
the protrusions Will be surrounded by molded plastic from the 
base of the Cabinet once the SWitch is assembled. The ends of 
the protrusions, in the preferred embodiment, may have 
applied to them a small bead of conductive material to raise 
the level of the end of the protrusion above the level of the 
metal frame, or the ends of the protrusions of the side con 
ducting strips may be bent by pressure at their center to create 
a slightly raised contact point. In a preferred embodiment, 
other raised points are formed in the main conducting strip 
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6 
near the periphery of the bays, either by application of small 
beads of conductive material, or by bending the main con 
ducting strip by application of pressure, at these points. The 
raised points near the periphery of the bays assists in posi 
tioning the Dome Springs of the SWitch during and after 
assembly of the SWitch. 

In larger-scale manufacture, an array of identical multiple 
metal frames may be formed from a larger single metal blank, 
and then each metal frame may be separated from each other 
metal frame by cutting them apart. In the multiple-frame 
con?guration, all metal frames are part of the same metal 
sheet until cut, and the three electrical connectors of each 
metal frame may remain electrically connected after the 
metal frames are separated. HoWever, in one preferred 
embodiment of the method of the present invention, such 
cutting and separation into individual metal frames may be 
delayed until frames are ?tted into the molded plastic com 
ponents of the SWitch, and assembly of the SWitch is largely 
complete. This may be accomplished using the Isthmus 
betWeen adjacent metal frames, left When the metal frames 
are stamped from the larger single metal blank (“Frame Isth 
mus” . 

As noted above, the narroW necks of metal connecting tWo 
larger metal areas may be left for later cutting. In the case of 
the areas betWeen adjacent frames, one or more Frame Isth 
mus physically and electrically connect each adjacent frame, 
in an array of frames, after the frames are punched from the 
larger single metal blank. Thus, the Frame Isthmus provide 
physical support early in the SWitch assembly process. With 
the Frame Isthmus, the metal frames may be handled as a unit, 
until such time as they are secured in the insulative molded 
Cabinet parts, after Which the Cabinets may be separated 
from one another by cutting or punching the Frame Isthmus 
betWeen adjacent Cabinets. By forming an array of frames in 
this Way, and securing them Within a corresponding array of 
Cabinets, this con?guration for frames and Cabinets, and this 
assembly procedure, alloWs production of multiple SWitches 
in a fully automated process, by applying machinery to join 
an array of connected frames With an array of corresponding 
molded plastic components, and then separating the metal 
frames and Cabinets by cutting or punching the Frame Isth 
mus betWeen them. 

Returning to manufacture and assembly of a single SWitch, 
a single metal frame for a single SWitch may be ?tted snugly 
into a molded plastic Cabinet base. HoWever, in a preferred 
embodiment of the present invention, the metal frame is posi 
tioned in a mold, and suitable insulative material, generally 
plastic, is injected into the mold so as to embed, in a molded 
base, the crimped portions of the protrusions of the tWo side 
conducting strips, as Well as all Frame Isthmus. The plastic of 
the molded base also insulates the underside of the metal 
frame electrically. In this position, the conducting strips 
(main and both side) reside above the molded base, While the 
portions of the metal frame to be discarded hang over, or 
outside the perimeter of, the molded base. In this position, the 
conducting strips (main and both side) reside Within the Cabi 
net, While the portions of the metal frame to be discarded 
reside outside the Cabinet, and the Frame Isthmus extend 
betWeen the inside of the Cabinet and the outside of the 
Cabinet (or through small channels formed in these parts). 
The molded base of the Cabinet ?xes the position of the 
Frame Isthmus, and so the entire metal frame. Such ?xing of 
the metal frame in the molded base alloWs the Frame Isthmus 
to protrude from the sides of the Cabinet. In one embodiment, 
the molded base is also formed With channels along tWo of its 
exterior sides, Which channels narroW the Cabinet at the 
points Where the Frame Isthmus protrude. This narroWing 
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allows insertion of a cutter or punch into the close ?t betWeen 
adjacent molded bases, While cutting of the Frame Isthmus 
from the completed SWitch during manufacture. 

The molded plastic Cabinet, Whether formed from a single 
piece or from ?rst and second molded base portions, is also 
formed With openings leading from the bottom surface of the 
Cabinet to its interior (“Strip Openings”). The Strip Openings 
are large enough to alloW a cutter or punch to extend from the 
exterior of the Cabinet (at its bottom), into the interior of the 
Cabinet, far enough to cut through the Strip Isthmus. The 
Strip Openings are in number the same as the number of the 
Strip Isthmus to be cut. Accordingly, When cutters or punches 
are deployed into the Strip Openings during manufacture of 
the SWitch, all Strip Isthmus betWeen the main conducting 
strip and the tWo side conducting strips may be cut through, 
thereby physically and electrically isolating the conducting 
strips one from the other. In one preferred embodiment of the 
invention, the Strip Openings to the interior of the Cabinet 
number six, corresponding to the six Strip Isthmus present in 
that preferred embodiment. As a result, When cutters or 
punches are extended through the Strip Openings and into the 
Cabinet, all six Strip Isthmus betWeen the main conductor 
strip and the tWo side conducting strips are cut, thereby sepa 
rating the main and side conductor strips from one another 
physically and electrically in a single cutting operation. 

In larger-scale manufacture, as noted above, the array of 
identical multiple metal frames formed from the larger single 
metal blank may be separated by cutting the Isthmus betWeen 
metal frames after they are ?tted into the molded plastic 
components of the SWitches, or the plastic of the Cabinets of 
the SWitches are formed around the metal frames to hold 
them. In such con?guration, cutters or punches may be 
deployed into the Strip Openings of the Cabinets of an array 
of SWitches to cut the Strip Isthmus of the metal frames 
betWeen the main and side conducting strips, and the same or 
other cutters or punches may at the same time be deployed 
betWeen Cabinets of adjacent SWitches to cut the Frame Isth 
mus of the metal frames betWeen adjacent Cabinets. Of 
course, the Strip Isthmus betWeen conducting strips and the 
Frame Isthmus betWeen metal frames may be cut in separate 
operations, one operation before the other, hoWever simulta 
neous cutting of all Isthmus alloWs the metal frames to be 
separated from one another, and the metal strips Within each 
Cabinet to be separated from one another, in a single cutting 
operation, thereby further simplifying the process and 
machinery of manufacture of multiple SWitches, and achiev 
ing economies of scale. Until such simultaneous cutting 
operation, all metal frames in an array, and all plastic Cabinet 
base components, may handled as single units, from punch 
ing the metal frames from the larger metal blank, through 
pouring plastic around the metal frames to secure the metal 
frames in their Cabinets, and right up to the point When each 
Cabinet, With its metal frame, is separated from other Cabi 
nets, and all conducting strips are electrically isolated from 
each other. 

Returning to single SWitch assembly, the molded plastic 
base is formed With tWo Wells, into Which tWo Dome Springs 
may be placed, concave side doWn, in direct connection With 
the main conducting strip at the periphery of the bays in that 
strip, (and largely covering those bays). In a preferred 
embodiment, these Wells are substantially circular in open 
ings in the main conducting strip. When so placed, the Dome 
Springs bridge the gap created by the bays in the main con 
ducting strip, and so are centered over the ends of the protru 
sions of the tWo side conducting strips. Resting in such posi 
tion, the Dome Springs form a potentially closed, but 
normally open, sWitching contact betWeen the sides of the 
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bays of the main conducting strip and the ends of the protru 
sions of the tWo side conducting strips. In such position, the 
Dome Springs provide resistance to closing the circuit 
betWeen the main conducting strip and the ends of the pro 
trusions of the tWo side conducting strips. HoWever, When a 
Dome Spring is pressed doWn toWard the main conducting 
strip during a surgical procedure, that Dome Spring may be 
compressed, or depressed, suf?ciently to close the electrical 
connection betWeen the main conducting strip and the end of 
the protrusion of one of the tWo side conducting strips. Such 
closure alloWs current to How from the generator leads, 
through one side conducting strip, and on to the active elec 
trode. The Dome Springs may be formed of different materi 
als and thickness to provide a variety of circuit closing resis 
tances, thereby alloWing the manufacturer, based on user 
preferences, to design in a variety of forces necessary to close 
the circuits betWeen the main conducting strip and the ends of 
the protrusions of the tWo side conducting strips. 

The molded plastic base is also formed With openings 
leading from the bottom surface of the base to its top service, 
i.e., the openings extend from all the Way through the base. 
These openings are large enough to alloW a cutter or punch 
Which might extend from the exterior of the Cabinet (at its 
bottom), into the interior of the Cabinet, far enough to cut 
through the Strip Isthmus Without interference from the base. 
These base openings are in number the same as the number of 
the Strip Isthmus to be cut. Accordingly, When cutters or 
punches are deployed into the base openings during manu 
facture of the SWitch, such cutters may cut all Strip Isthmus 
betWeen the main conducting strip and the tWo side conduct 
ing strips Without interference from the base. In one preferred 
embodiment of the invention, the base openings number six, 
corresponding to the Strip Openings in the six Strip Isthmus 
present in that preferred embodiment. 
The Cabinet is also provided, in one preferred embodi 

ment, With a molded plastic Cabinet cover piece (the 
“Cover”), Which has at least one activation openings over 
each Dome Spring, and exposing a portion of each Dome 
Spring at the bottom of its Well, such exposure being substan 
tially over the center of each Dome Spring. Via these Cover 
openings, one may, using an appropriately shaped compo 
nent, such as an elongate stem extending from one of the 
activation Buttons on the exterior of the Pencil, apply pres 
sure to the Dome Springs (generally one at a time). Such 
pressure causes the Dome Springs to depress until they con 
tact, near their center, the ends of the protrusions of the side 
conducting strips, thereby closing the main conducting strip 
and side conducting strips electrically (the Dome Springs 
already residing on, and electrically connected to, the main 
conducting strip). This closure thereby completes the electri 
cal circuit selected by the surgeon When she presses one 
(generally) of the Button, thereby causing the Button stem to 
extend into and through the activation opening for that But 
ton, and against the top of the Dome SWitch appropriate for 
closure of the desired circuit. At the same time, the depressed 
Dome Spring, or the component used to apply pressure to the 
Dome Spring, or both of these elements, may produce an 
audible “click” When depressed Which, When added to the 
break in mechanical resistance of the Dome Spring as it pops 
into “closed” position, reinforces the feedback given the sur 
geon about the (electrically active or passive) status of the 
Pencil. 

During assembly, the Dome Springs of choice (or other 
circuit closing elements) are positioned Within their Wells in 
the base. In this position, the Dome Springs, Which are cen 
tered on the bays of the main conducting strip, reside on, and 
make contact With, the peripheries of the bays of the ?rst 
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conducting strip. Once the Dome Springs are positioned, the 
Cabinet Cover may be placed over the Cabinet, and secured in 
place. Securing the Cover to the Cabinet is generally accom 
plished by the simple mechanism of pressing these close 
?tting pieces together until the “snap” in place. However, the 
Cover may held by friction, or by the formation of small 
hooks and grooves, or by other means normal to such ?tted 
parts. 
One large bene?t in this arrangement of Cabinet (With 

conducting strips), Dome Springs, Pencil housing, and exte 
rior Buttons (With button stems), resides in the electrical 
activation of the circuits Within the SWitch When the Dome 
Springs make contact betWeen the outer “rings” of the periph 
ery of the bays of the main conducting strip and the center 
“pins” created at the ends of the protrusions extending from 
the tWo side conducting strips. This function of the conduc 
tive part ?lled by the Dome Springs, in a preferred embodi 
ment of the present invention as set forth above, may be 
formed of any conductive material, and in a number of dif 
ferent shapes. Dome Springs provide a desirable “snap” 
action, With attendant tactile and audible feed back for the 
surgeon. And the Dome Springs may be chosen to meet 
desired speci?cations. HoWever, other contact elements may 
be substituted for the Dome Springs, and such other elements 
may also be chosen to supply speci?c desirable characteris 
tics. For example, one customer may Want a high force acti 
vation (Which is common in orthopedics), While other cus 
tomer may Want a very loW force activation (Which is 
common in neurosurgery). Yet other customers may Wish a 
semi-reusable SWitch (and therefore Pencil) orperhaps a very 
loW (electrical) resistance contact, in Which gold plated Dome 
Springs or other gold plated circuit closure elements may be 
employed to make contact betWeen the rings of the main 
conducting strip and the pins of the side conducting strips. 
We may contrast this ?exibility and choice With the in?ex 

ibility of building an electrosurgical pencil sWitch using a 
Printed Circuit Board (“PCB”) only, or When using other 
“integrated” sWitch designs. When using a PCB to create the 
sWitch for an electro surgical pencil, for example, the movable 
components must be moveably “a?ixed” to the PCB. To 
change activation force, or spring “action,” or electrical resis 
tance, or audible circuit closure feedback, one must “build 
up” a neW PCB. Other integrated sWitches also use a solid, 
one piece, mechanism in Which the contact, in the form of a 
strip of metal, is bent to provide “snap action” (an “M 
spring”). As this type of spring is also integral to the sWitch, 
and created When the conducting strips of the sWitch is 
punched from a blank, the activation characteristics men 
tioned above cannot be changed, as they can in the SWitch of 
the present invention. In all prior sWitches, there is only “one” 
(type of) sWitch; the contact mechanism is not “interchange 
able.” The mechanism of the SWitch of the present invention, 
on the other hand, alloWs a manufacturer or a user to drop into 
the Cabinet Cover openings anything that Will make contact. 

The Cabinet is also provided With a generator connection 
section, proximal to the leads from the electrosurgical gen 
erator, for holding Wires intended to be electrically connected 
to the generator, and electrically connecting such Wires by the 
insulation displacement connectors of the metal frame. The 
generator connection section and insulation displacement 
connectors are formed in a con?guration to electrically con 
nect each of the conducting strips to its oWn connecting Wire, 
and hold each Wire against separation from its corresponding 
insulation displacement connector. HoWever, the generator 
connection section of the Cabinet is closed With its oWn small 
“cap,” Which serves tWo purposes. First, the small cap pro 
vides a Wire guide and placement “?xture” to position and 
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hold connecting Wires in place during the assembly process. 
The connecting Wires, Which are three in number generally 
(and are three in one preferred embodiment of this invention), 
are electrically connected to a connector plug that inserts into 
the generator to supply current to each corresponding con 
ducting strip of the SWitch. To make these connections, the 
connecting Wires are cut to a ?xed length in an automatic 
cutting machine. The connecting Wires are then positioned in 
three “channels” in the cap of the generator connection sec 
tion, Which then may act as a guide for further assembly of the 
SWitch. This positioning of connecting Wires in the cap holds 
the three connecting Wires in very tight tolerance positions, 
necessary for the next step. The generator connection section 
of the Cabinet is then joined to the cap, With its connecting 
Wires. This is best accomplished by pressing the Cabinet of 
the SWitch, With its internal conducting strips and its Cabinet 
Cover, to the (stationary) cap. The cap With Wire guide pro 
vides a very precise and stable “platform” so the tWo pieces 
can be pressed together very accurately in an automated 
assembly process. 
Once the generator connection section is closed With its 

cap, and the connecting Wires thereby held in place, the sub 
assembly of the SWitch is complete. The metal frame resides 
Within the closed Cabinet Which has Strip Openings for inser 
tion of cutters or punches, the connecting Wires, held in place 
by the insulation displacement connectors of the metal frame, 
extend from the proximal end of the SWitch, and the tubular 
end of the metal frame extends from the distal end of the 
SWitch. To physically and electrically isolate the conducting 
strips Within the SWitch, on or more cutters or punches are 
then inserted into the Strip Openings, thereby separating the 
conducting strips from each other. The Switch is then placed 
Within the bottom half of the holloW housing of the Pencil, in 
a position formed to hold the SWitch (i.e., the housing top and 
bottom are molded to accept the SWitch), With connecting 
Wires extending from the proximal end of the bottom half of 
the body housing. The top half of the body housing of the 
Pencil is then placed over the bottom half of the body housing, 
in the position for Which it Was designed, With Button stems 
extending through the Cover openings of the SWitch, so the 
tips of the Button stems reside on or very dear the centers of 
the convex sides of the Dome Springs. The top body housing 
is then secured in place to the bottom body housing, thereby 
closing the Pencil housing, and enclosing the SWitch. 

In the alternative, the holloW housing of the Pencil may be 
formed of a single piece, or formed of tWo pieces Which are 
then joined, so that the SWitch may be inserted into one end of 
the holloW housing, i.e. through an aperture left in the end of 
the holloW housing during formation of the single piece (or 
left after tWo pieces are joined). Such assembly of the SWitch 
into the Pencil has the advantage of reducing handling of 
holloW housing parts, and possibly eliminating the necessity 
of precisely joining tWo pieces (halves, generally) of the 
holloW housing. A single-piece housing is, like a multiple 
piece housing, molded to accept the SWitch, and hold it in 
place. In one embodiment, the single holloW body and the 
Cabinet of the SWitch may be formed With hooking protru 
sions Which alloW a “snap ?t” When the SWitch is properly 
positioned Within the holloW housing. 
The full bene?ts of assembling electrosurgical pencil 

sWitches in this fashion may be gained by automating the 
entire assembly process, and extending the process to 
assemble many SWitches simultaneously. The apparatus of 
the SWitch is, in fact, designed to lend itself to just such 
multiple SWitch assembling. To accomplish this, fully auto 
mated machinery may be employed to form and handle arrays 
of components, and position and secure the components of 
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the arrays to each other, through every step of the process of 
Switch and Pencil assembly. In such larger-scale manufac 
ture, as noted above, an array of identical multiple metal 
frames may be formed from a larger single metal blank, in a 
multiple-frame con?guration, in Which all metal frames, With 
all electrical conductors, are and remain part of the same 
metal sheet (until they are later cut as describedbeloW). In this 
con?guration, the Strip Isthmus and Frame Isthmus physi 
cally and electrically connect each adjacent frame, in an array 
of frames, and physically and electrically connect each con 
ducting strip Within each frame. The array of metal frames 
may then be positioned, as an array, into a mold designed to 
form an array of molded bases. Suitable insulative material 
may be poured into the array mold so as to embed, Within an 
array of bases, the crimped portions of the protrusions of the 
side conducting strips of each frame. In this position, the 
conducting strips of the array of frames reside Within the 
Cabinet array, While the portions of the metal frames to be 
discarded reside outside the Cabinets of the Cabinet array. 
The Frame Isthmus extend betWeen the insides of the Cabi 
nets and the outsides of the Cabinets, and betWeen Cabinets of 
the Cabinet array, as the Frame Isthmus protrude from the 
sides of the Cabinets. 

Continuing With larger-scale manufacture, an array of 
Dome Springs (or other connecting components) of suitable, 
and perhaps specially selected or variable, characteristics are 
dropped into the Wells of the array of molded bases, thereby 
positioning the Dome Springs in contact With the rings at the 
periphery of the bays of the main conducting strips of each 
frame Within the array of Cabinet bases. An array of Cabinet 
Covers, formed previously in a Cover array mold, may then 
be placed over the array of Cabinets, and the Covers secured 
to the Cabinets by the methods described above for single 
Cabinets and Covers. To compete assembly of the array of 
SWitches, an array of connecting Wires, Which may be previ 
ously cut to a ?xed length in an automatic cutting machine, 
may then be grouped for each SWitch Within the SWitch array. 
An array of previously formed generator connection Caps 
may then be positioned to accept the array of grouped con 
necting Wires, and the array of grouped Wires pressed into the 
channels of each Cap in the array of Caps. The array of closed 
Cabinets may then be positioned over the array of Caps, 
generator connections sections facing Caps, and the array of 
Cabinets pressed to into position on the array of (stationary) 
Caps. By such assembly, all connecting Wires of each SWitch 
Within the array of Cabinets, through its corresponding insu 
lation displacement connector, is electrically connected to its 
oWn connecting Wire, and each connecting Wire is held 
against separation from its corresponding insulation displace 
ment connector. 

The Cabinet Cover and Cap may also be formed With 
notches, positioned to align With base channels When the 
Cover and Cap are joined to base during assembly. This 
alignment alloWs a cutting tool to move “straight doWn” 
through the notches and channels in the sides of the closed 
Cabinet after closure of the Cabinet, and then separation of 
closed Cabinets Within an array of Cabinets in automated 
assembly. 

Continuing With larger-scale manufacture, an array of cut 
ters or punches formed to extend into the Strip Openings and 
the Frame Openings, may be deployed into the Strip Open 
ings of the array of Cabinets in an array of SWitches to cut the 
Strip Isthmus betWeen the main and side conducting strips of 
each SWitch. At the time, the same or other cutters or punches 
may be deployed betWeen the Cabinets of adjacent SWitches 
in the array of SWitches, at the channels and notches of the 
Cabinets Which alloW close cutting of the Frame Isthmus, to 
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cut the Frame Isthmus of the metal frames betWeen adjacent 
Cabinets. Of course, the Strip Isthmus and the Frame Isthmus 
may be cut in separate operations, one operation before the 
other, as necessary to the preferred automated assembly pro 
cess. Simultaneous cutting of all Isthmus alloWs the Cabinets 
Within an array to be separated from one another, and all metal 
strips Within each Cabinet Within that array, to be separated 
from one another in a single cutting operation. HoWever, 
seriatum cutting of Strip Isthmus ?rst, and Frame Isthmus 
second has the further advantage of alloWing group handling 
of all SWitches in an array of SWitches after the conducting 
strips Within each SWitch are isolated from each other. This 
further alloWs each fully assembled SWitch in an array of 
SWitches to be placed in an array of corresponding holloW 
body housings, in positions formed to hold the array of 
SWitches, With connecting Wires extending from the ends of 
the body housings. Buttons may then be placed so the tips of 
the Button stems reside on or very dear the centers of the 
convex sides of the Dome Springs Within the array of 
SWitches. Cutters may then be deployed betWeen the Cabi 
nets of adjacent SWitches in the array of SWitches, at the 
channels and notches of the Cabinets, to cut the Frame Isth 
mus of the metal frames betWeen adjacent Cabinets, and the 
top body housing halves (for tWo piece housings) may then be 
secured in place to the bottom body housing halves, thereby 
closing the array of Pencil housings, and enclosing the 
SWitches of the array. 

Fluid entry resistance may be accomplished in a number of 
manners. A ?lm may be added betWeen the body housing and 
its cover to resist ?uid entry into the Cabinet base section, 
sealing “gaskets” may be added to the top of the dome 
sWitches, sealing “plugs” may be added to the activation stem 
hold in the Cabinet base top cover, or the entire assembly may 
be encased in a number of different manners, such as a sili 
cone “sleeve” or heat shrink sleeve or other similar manner of 
“encasing” the sWitch assembly. 
The more important features of the invention have thus 

been outlined, rather broadly, so that the detailed description 
thereof that folloWs may be better understood, and in order 
that the present contribution to the art may be better appreci 
ated. Additional features of speci?c embodiments of the 
invention Will be described beloW. HoWever, before explain 
ing preferred embodiments of the invention in detail, it may 
be noted brie?y that the present invention substantially 
departs from pre-existing apparatus and methods of the prior 
art, and in so doing provides the userWith the highly desirable 
ability to multiply assemble electrosurgical pencil sWitches 
using the metal conductive components of the SWitches to 
hold components, While other components are formed, posi 
tioned, and fastened in place. Such mass handling alloWs the 
assembly of such multiple sWitches, and even entire pencils, 
using automated machinery, Without requiring human atten 
tion, except to maintain the automated machinery, and “feed” 
it With fresh components in bulk. 

OBJECT OF THE INVENTION 

One object and advantage of this invention is production of 
sWitches for electrosurgical pencil in a highly e?icient, very 
cost effective, fully automated process, involving automatic 
equipment almost entirely. 

Another object and advantage of this invention is produc 
tion of sWitches and electrosurgical pencil having improved 
safety and reliability. 
Another object and advantage of this invention is produc 

tion of sWitches and electrosurgical pencil having ?exibility 
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and choice activation force, or spring “action,” electrical 
resistance, and audible circuit closure feedback. 

Another object and advantage of this invention is produc 
tion of switches and electrosurgical pencil having a limited 
number of parts, which are easily assembled, and several of 
which are available as standard commercial components. 

Another object and advantage of this invention is produc 
tion of switches and electrosurgical pencil having only two 
?exing parts, ie the two dome switches used to make elec 
trical contact between the electrosurgical generator and the 
tip of the active electrode. 

Other features and advantages of the present invention are 
stated in or apparent from a detailed description of presently 
preferred embodiments of the invention set forth below. 

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this speci?cation, illustrate two pre 
ferred embodiments of the present invention, and such draw 
ings, together with the description set forth herein, serve to 
explain the principles of the invention. 

FIG. 1 is a plan view drawing of one preferred embodiment 
of the electrical circuit frame for the Switch of the present 
invention, viewed from the top of the frame. 

FIG. 2 is a top view drawing of one preferred embodiment 
of the components for the Switch of the present invention 
before they are assembled. 

FIG. 3 is an exploded perspective view drawing of one 
preferred embodiment of the Switch of the present invention, 
viewed from the left front quarter of the Pencil. 

FIG. 4 is a ?owchart drawing of one preferred embodiment 
of the Switch of the present invention, presenting some of the 
steps for assembly of the Switch and Pencil. 

FIG. 5 is a continuation of the ?owchart drawing of the 
same preferred embodiment of the Switch of the present 
invention shown in FIG. 4, presenting the remaining steps for 
assembly of the Switch and Pencil. 

DETAILED DESCRIPTION OF A FIRST 
PREFERRED EMBODIMENT 

First Preferred Embodiment 

Referring initially to FIG. 1, a ?rst embodiment of an 
electrical circuit frame of the Switch of the present invention 
is shown in top down, plan view. In FIG. 1, a single frame of 
the present invention 10 is comprised of a unitary piece, 
formed from a blank sheet of conductive metal by stamping. 
Portion 11 of frame 10, presented in cross-hatched rendering, 
is intended to ?t snugly or integrally within a molded, insu 
lated Cabinet body (not shown). The metal sheet from which 
frame 1 0 is stamped is thick enough and conductive enough to 
carry current su?icient to cut, coagulate, ablate, excise, cau 
teriZe, or seal tissues by application of electric current to 
biological tissue through an active electrode (not shown). 
Frame 10, once stamped, forms at least three conducting 
strips, a “main” conducting strip 12, which provides an elec 
trical connection between a main contact lead from an elec 
trosurgical generator (not shown), and two side conducting 
strips 13 and 14, which provide electrical connections 
between switch leads (not shown) from the same electrosur 
gical generator. 
As shown in FIG. 1, all three conducting strips 12, 13, and 

14 are physically and electrically connected to metal frame 10 
exterior portions 15 and 16 by narrow frame 10 Frame Isth 
mus 17, 18, 19, 20, 21, and 22. All Frame Isthmus will 
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eventually be cut through, during assembly of the Switch, at 
the points indicated, and exterior portions discarded. 

FIG. 1 shows six Strip Isthmus 24, 25, 26, 27, 28, and 29 of 
metal frame 10, which initially electrically connect main 
conducting strip 12 with the two side conducting strips 13 and 
14. However all six Strip Isthmus 24, 25, 26, 27, 28, and 29 
will eventually be cut through, during assembly of the Switch, 
at the points indicated, to physically and electrically isolate 
all conduct strips 12, 13, and 14 from each other. In FIG. 1, the 
physical support provided by the Strip Isthmus 24, 25, 26, 27, 
28, and 29 of metal frame 10 between main conducting strip 
12 and two side conducting strips 13 and 14 early in the 
Switch assembly process allows all conducting strips to be 
handled as a unit, until such time as these components are 
secured in the insulative molded Cabinet parts (not shown). 
After conducting strips 12, 13, and 14 have been secured, 
main conducting strip 12 and two side conducting strips 13 
and 14 may be physically and electrically separated from one 
another by cutting or punching Strip Isthmus 24, 25, 26, 27, 
28, and 29 of metal frame 10. By maintaining a physical unit 
of conducting strips 12, 13, and 14 in this way, and securing 
them within a non-conductive Cabinet, this con?guration for 
conducting strips, allows production of the Switch in a fully 
automated process, by applying machinery to join frame 10 
with corresponding molded plastic components (shown in 
later Figs.), and then separating conducting strips 12, 13, and 
14 of metal frame 10 by cutting or punching Strip Isthmus 24, 
25, 26, 27, 28, and 29 ofmetal frame 10. 

FIG. 1 also shows insulation displacement connectors 30, 
31 and 32, which are intended to be active components of the 
Switch circuitry once they are bent to serve as contacts for 
connecting to the leads from the electrosurgical generator 
(not shown). FIG. 1 also shows tab 35, which is intended to 
hold an active electrode (not shown), and be an active com 
ponent of the Switch circuitry once it is bent or crimped to 
form a tubular end for receiving the active electrode. FIG. 1 
also shows two bays 40 and 41, which are cut in opposite sides 
of main conducting strip 12. The peripheries 42 and 43 of 
bays 40 and 41 form outer “rings” on main conducting strip 
12, against which Dome Springs (not shown) may rest to 
make electrical contact. Two side conducting strips 13 and 14 
are formed with protrusions 44 and 45 which extend into bays 
40 and 41 of main conducting strip 12. The ends 46 and 47 of 
protrusions 44 and 45 act as center “pins” against which the 
same Dome Springs resting against peripheries 42 and 43 of 
bays 40 and 41 may make contact. Ends 46 and 47 of protru 
sions 44 and 45 are positioned approximately in the center of 
bays 40 and 41. In this preferred embodiment, the protrusions 
44 and 45 are also crimped along their length so as to dip 
slightly below the level established by the rest of frame 10. 
The lowered portions of protrusions 44 and 45 will, in this 
embodiment be surrounded by molded plastic from the base 
of the Cabinet once the Switch is assembled (not shown). The 
ends of protrusions 44 and 45 may have applied to them a 
small bead of conductive material (not shown) to raise the 
level of ends 46 and 47 above the level of the metal frame, or 
ends 46 and 47 may be bent by pressure at their center (not 
shown) to create a slightly raised contact point. In this pre 
ferred embodiment, other raised points (not shown) may be 
formed in main conducting strip 12, near peripheries 42 and 
43 of bays 40 and 41 form, either by application of small 
beads of conductive material (not shown), or by bending main 
conducting strip 12 by application of pressure at these points. 

In operation, the Dome Springs (not shown) resting on the 
rings at the peripheries 42 and 43 of bays 40 and 41 make and 
maintain electrical contact with main conducting strip 12. 
When a surgeon presses a button (shown in later ?gures) 
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corresponding With the current and voltage desired for the 
task at hand, the Dome Springs may be bent or depressed so 
that they (the one of choice) also makes electrical contact With 
protrusions 44 and 45 of (one of) side conducting strips 13 
and 14 at ends 46 and 47 of protrusions 44 and 45. By this 
action, the surgeon may electrically activate main conducting 
strip 12 through one of side conducting strips 13 and 14 (as 
desired by the surgeon). By such activation, the circuit of 
choice, carrying the voltage desired by the surgeon is com 
pleted through the active electrode, and the patient, back to 
the electrosurgical generator. 

FIG. 1 also shoWs, in broken lines on either side of frame 
10, Where additional frames might be positioned in an array of 
identical multiple frames When such multiple metal frames 
are formed from a larger single metal blank. After an array of 
frames are stamped from such larger metal blank, all metal 
frames are part of the same metal sheet until they are sepa 
rated one from the other by cutting or punching Frame Isth 
mus 17, 18, 19, 20, 21, and 22. In one preferred embodiment 
of the method of the present invention, such cutting and 
separation into individual metal frames may be delayed until 
all frames Within an array of frames are ?tted into a corre 
sponding array of molded plastic components of the SWitch, 
and assembly of the SWitch is largely complete. After such 
?tting, then each frame 10 may be separated from each other 
metal frame by cutting them apart at Frame Isthmus 17, 18, 
19, 20, 21, and 22, at the points indicated, and all exterior 
portions 15 and 16 discarded. 

Turning noW to FIG. 2, molded base 70 of the SWitch of the 
present invention is shoWn in top doWn, plan vieW, at FIG. 2C. 
The Cabinet molded base 70 (non-conductive exterior) is 
formed as a single piece, With conductive elements (the metal 
frame 10 of FIG. 1 and FIG. 2B) embedded Within. Element 
50, shoWn in FIG. 2A, is therefore not a separate piece, but 
rather the bottom of the molded base 70 if element 50 could be 
seen from its top. Element 50, Which is only that portion of 
base 70 beloW metal frame 10 as metal frame 10 is embedded 
Within base 70, therefore alloWs detailed revieW of the open 
ings of the bottom of molded base 70. Accordingly, molded 
base 70 may be vieWed as the open Cabinet vieWed from the 
top, While element 50 may be vieWed as merely the portion of 
plastic of base 70 beloW metal frame 10 (if element 50 could 
be vieWed from the top), shoWing the arrangement of open 
ings in the bottom of molded base 70. 

In FIG. 2A, six substantially circular molded base open 
ings 51, 52, 53, 54, 55, and 56 lead from the bottom surface of 
molded base 70 into the Cabinet. These openings are large 
enough in diameter to alloW insertion of a cutter or punch (not 
shoWn). FIG. 2A also shoWs three rectangular openings 57, 
58 and 59 leading into molded base 70, and molded base 
channels 60, 61, 62, 63, 64 and 65, at Which points molded 
base 70 is narroWed at points along its length. 

FIG. 2B shoWs the same single, unitary, stamped, metal 
frame 10 shoWn in FIG. 1. Once stamped, metal frame 10 has 
all features, referred to in FIG. 1, for providing an electrical 
connection, for a single SWitch, betWeen the main contact 
lead from an electrosurgical generator (not shoWn) and an 
active electrode (not shoWn). Such features of metal frame 10 
include crimped portions along the length of protrusions 44 
and 45 of tWo side conducting strips 13 and 14, such crimped 
portions dipping slightly beloW the level established by the 
rest of metal frame 10. Metal frame 10 may be positioned in 
a mold (not shoWn) intended to shape base 70 by molding. 
Once in such position, suitable insulative material, generally 
plastic, may be poured into that mold so as to embed, in the 
loWer portion of base 70 (appearing as element 50 in FIG. 2b) 
the crimped portions of protrusions 44 and 45 of tWo side 
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conducting strips 13 and 14. The plastic of molded base 70 
insulates the underside of metal frame 10 electrically once 
metal frame 10 is, by this method, secured in base 70. Once 
secured, all conducting strips 12, 13 and 14 are embedded 
Within base 70, While the portions of metal frame 10 to be 
discarded 15 and 16 hang over, or extend from, the sides and 
ends ofbase 70. FIG. 2A also shoWs tab 35, Which is intended 
to hold an active electrode (not shoWn), and be an active 
component of the SWitch circuitry once ends 66 and 67 of tab 
35 (shoWn in FIG. 1) is bent to form a tubular end 68 for 
receiving the active electrode. 

In FIG. 2C, base 70 is formed With Wells 71 and 72, into 
Which Dome Springs 110 and 111 may be placed, concave 
side doWn, in direct connection With main conducting strip 
12. When so positioned, the outer edges 91 and 92 of Dome 
Springs 110 and 111 reside at or near the periphery of, and 
largely covering, bays 40 and 41. In this preferred embodi 
ment, Wells 71 and 72 are substantially circular openings, 
With retaining sides, in base 70. Substantially circular base 
openings 75, 76, 77, 78, 79 and 80 lead from the top surface 
of base 70 doWn to its bottom surface. HoWever, exposed 
portions of metal frame 10 extend from the molded plastic of 
base 70, thereby alloWing access to such exposed portions. 
Base 70 openings 75, 76, 77, 78, 79 and 80 are large enough 
to alloW a cutter or punch Which might extend from the top of 
base 70 into the interior of the SWitch once it is assembled. 
Base openings 75, 76, 77, 78, 79 and 80, seen from the top of 
molded base 70, are merely the remainder of openings 51, 52, 
53, 54, 55, and 65, With exposedpor‘tions of frame 10 shoWing 
partWay through such openings. Base openings 75, 76, 77, 78, 
79 and 80 (and 51, 52, 53, 54, 55, and 65) are in number the 
same as the six (in this embodiment) six Strip Isthmus 24, 25, 
26, 27, 28, and 29 to be cut. Accordingly, When cutters or 
punches are deployed into base openings 75, 76, 77, 78, 79 
and 80, such cutters may cut all Strip Isthmus betWeen main 
conducting strip 12 and tWo side conducting strips 13 and 14. 

In FIG. 2C, base 70 also has three generally rectangular 
openings 81, 82, and 83, Which openings are the same open 
ings 57, 58, and 59 ofFIG. 2A vieWed from the top ofbase 70. 
FIG. 2C also shoWs six base channels 90, 91, 92, 93, 94 and 
95, Which narroW base 70 at points along its length. Base 
channels 90, 91, 92, 93, 94 and 95 in FIG. 2C are the same 
base channels 60, 61, 62, 63, 64 ofFIG. 2A When vieWed from 
the top of base 70. 

In FIG. 2D, Dome Springs 110 and 111 may be placed, 
concave side doWn, Within Wells 71 and 72 of base 70 (appear 
ing in FIG. 2C). As Wells 71 and 72 are formed to be posi 
tioned over bays 40 and 41 of FIG. 2B in main conducting 
strip 12, Dome Springs 110 and 111 rest on peripheries 42 and 
43 of bays 40 and 41 When positioned during assembly. When 
so placed, Dome Springs 110 and 111 bridge bays 40 and 41, 
and are centered over ends 46 and 47 of protrusions 44 and 45. 
In such position, Dome Springs 110 and 111 form a normally 
open, sWitching contact betWeen peripheries 42 and 43 and 
ends 46 and 47. FIG. 2D also shoWs eight (in this embodi 
ment) base pins 100, 101, 102, 103, 104, 105, 106, and 107 
Which may be used to secure Cabinet Cover 120 and Cabinet 
Cap 140. 

Cabinet Cover 120, Which is shoWn from the bottom in 
FIG. 2D and the top in FIG. 2F, is formed With at least tWo 
activation openings 121 and 122, Which Will reside directly 
over the center of each of Dome Springs 110 and 111. In such 
position, the activation openings expose a portion of each 
Dome Spring 110 and 111, at or near their centers, at the 
bottom of Wells 71 and 72, once Cabinet Cover 120 is secured 
to base 70 of the Cabinet. In FIGS. 2D and 2F, Cabinet Cover 
120 may be formed With eight Cover securing holes 125, 126, 
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127, 128, 129, and 130 for engagement With base pins 100, 
101, 102, 105, 106, and 107 to secure Cover 120 to base 70. 

Cabinet Cap 140, Which is shown from the bottom in FIG. 
2D and from the top in FIG. 2F, is formed With at least three 
guides 141, 142, and 143, Which guides are formed to snugly 
receive connecting Wires 151, 152, and 153 (FIG. 2E) Which 
have been pre-stripped of insulation at their ends. After con 
necting Wires 151, 152, and 153 are pressed into guides 141, 
142, and 143, the entire Cabinet, With Cover 120 attached 
thereto, may be positioned adjacent Cap 140, and pressed into 
place against Cap 140, thereby urging insulation displace 
ment connectors 30, 31 and 32 of metal frame 10 against 
connecting Wires 151, 152, and 153. At the same time, Cap 
securing holes 144 and 145 in Cap 140 may be engaged With 
base pins 103 and 104 (shoWn in FIG. 2C) to secure Cap 140 
to base 70. 

Cabinet Cover 120 and Cabinet Cap 140 may also be 
formed With notches 131,132,133,134,135,and 136, Which 
are positioned to match (align With) base channels 90, 91, 92, 
93, 94 and 95 (seen in FIG. 2C) When Cover 120 and Cap 140 
are joined to base 70 during assembly. This alignment alloWs 
a cutting tool to move “straight doWn” the sides of the closed 
Cabinet after the insertion of Dome Springs and placement of 
other parts Within the Cabinet, closure of the Cabinet, and 
then separation of closed Cabinets either in “bunches” or one 
at a time at a place in automated assembly Where a completed 
sWitch is “placed” either in a pencil housing “half ’ (tWo piece 
pencil) or “inserted” (one piece pencil) into the pencil hous 
ing from the back. 
Once Cover 120 and Cap 140 are closed onto the Cabinet, 

and connecting Wires 151, 152, and 153 thereby held in place, 
the sub-assembly of the SWitch is substantially complete. 
Metal frame 10 resides embedded Withinbase 70 of the closed 
Cabinet, Which has multiple Strip Openings for insertion of 
cutters or punches, and connecting Wires 151, 152, and 153 
are held in place by insulation displacement connectors 3 0, 3 1 
and 32 of metal frame 10. In such position, connecting Wires 
151, 152, and 153 extend from the proximal end of the SWitch 
sub-assembly, and tubular end 68 of metal frame 10 extends 
from the distal end of the SWitch Cabinet. NoW, to physically 
and electrically isolate conducting strips 12, 13 and 14 Within 
the SWitch, one or more cutters or punches (not shoWn) are 
inserted into the Strip Openings (comprising base openings 
51, 52, 53, 54, 55, 56, 75, 76, 77, 78, 79 and 80). When so 
inserted, the cutters may move through all Strip Openings, 
across Which Strip Isthmus 24, 25, 26, 27, 28, and 29 ofmetal 
frame 10 extend, and through Strip Isthmus 24, 25, 26, 27, 28, 
and 29, thereby separating conducting strips 12, 13 and 14 
Within the SWitch sub-assembly from each other. At the same 
time, or thereafter, the SWitch sub-assembly may be trimmed 
of exterior portions 15 and 16 of metal frame 10, by cutters or 
punches Which are extended along base channels 90, 91, 92, 
93, 94, 95, 60, 61, 62, 63, 64 and 65 ofbase 70, to thereby cut 
aWay exterior portions 15 and 16 of metal frame 10 by cutting 
through Frame Isthmus 17, 18, 19, 20, 21, and 22. SWitch 
sub-assembly may noW be assembled into the Pencil of the 
present invention. 

Second Preferred Embodiment 

Referring noW to FIG. 3, the assembly of the Pencil may be 
seen in exploded vieW. In FIG. 3, metal frame 10 may be 
positioned in a base mold (not shoWn), and suitable plastic 
injected into the base mold to form molded base 70. As a 
portion of protrusions 44 and 45 of tWo side conducting strips 
13 and 14 are bent to extend beloW the level of metal frame 10, 
metal frame 10 is secured Within that portion 50 of base 70 
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beloW metal frame 10 once the plastic Within the base mold 
sets, and the Cabinet of the SWitch is formed. Dome Springs 
110 and 111 may then be positioned Within Wells 71 and 72 of 
base 70, so as to rest against peripheries 42 and 43 of bays 40 
and 41 of main conducting strip 12. Cover 120 may then be 
positioned over the top of the Cabinet, With concave surfaces 
123 and 124 on the bottom surface of Cover 120 ?tted over the 
matching convex tops of Dome Springs 110 and 111, and 
Cover 120 may then be secured in place to close the SWitch 
Cabinet. Optionally, moisture barrier 180 may be placed 
betWeen base 70 and Cover 120 to reduce moisture entry to 
SWitch sub-assembly. 

Continuing With FIG. 3, Cap 140 may be employed to join 
connecting Wires 151, 152, and 153 to the Cabinet using 
automated machinery. In the automated process of the present 
invention, Cap provides a Wire guide and placement “?xture” 
to position and hold connecting Wires 151, 152, and 153 in 
place during the assembly process. To make electrical con 
nections betWeen connecting Wires 151, 152, and 153 and 
insulation displacement connectors 30, 31 and 32 of metal 
frame 10, and thereby supply current to each corresponding 
conducting strip 12, 13, and 14 from the electrical leads from 
the generator, connecting Wires 151, 152, and 153 are cut to a 
?xed length in an automatic cutting machine. They are then 
positioned in guides 141, 142, and 143 of Cap 140. This 
positioning of connecting Wires 151, 152, and 153 in Cap 140 
holds connecting Wires 151, 152, and 153 in very tight toler 
ance positions, necessary for the next step. 
The portion of the Cabinet of the SWitch to Which Cap 140 

Will be secured may be termed the generator connection sec 
tion. This section of the Cabinet, Which Will be proximal to 
the leads from the electrosurgical generator, is intended to 
comprise the section of the Cabinet Which holds connecting 
Wires 151, 152, and 153, Which are intended to electrically 
connect the generator, via connecting Wires 151, 152, and 
153, to insulation displacement connectors 30, 31 and 32 of 
metal frame 10. The generator connection section and insu 
lation displacement connectors are formed in a con?guration 
to electrically connect each of conducting strips 12, 13, and 
14 to each of its oWn respective connecting Wires 151, 152, 
and 153, and hold them against separation from its corre 
sponding insulation displacement connectors 30, 31 and 32. 
The generator connection section of the Cabinet is then joined 
to Cap 140, With its positioned connecting Wires 151, 152, 
and 153. This is best accomplished by pressing the Cabinet of 
the SWitch, With its conducting strips 12, 13, and 14 and 
Cabinet Cover 120, to the (stationary) Cap 140. Cap 140, With 
Wire guides 141, 142, and 143, provides a very precise and 
stable “platform” so the Cabinet and Cap 140 can be pressed 
together very accurately in an automated assembly process. 

Continuing With FIG. 3, the SWitch sub-as sembly may then 
be placed Within the bottom half of holloW body housing 190 
of the Pencil of the present invention, in a position formed to 
hold the SWitch, With connecting Wires 151, 152, and 153 
extending from the proximal end of the bottom half of body 
housing 190. The top half of the body housing 160 of the 
Pencil of the present invention may then be placed over bot 
tom half of the body housing 190, in the position for Which it 
Was designed, With Buttons 170 and 171 already attached, and 
button stems 172 and 173 already extending through top half 
of the body housing 160, so the tips of button stems 172 and 
173 reside on or very dear the centers of the convex sides of 
Dome springs 110 and 111. Top half of the body housing 160 
may then be secured in place to the bottom half of body 
housing 190, thereby closing the Pencil housing, and enclos 
ing the SWitch. Alternatively, Buttons 170 and 171 With but 



US 8,022,327 B2 
19 

ton stems 172 and 173 may be pressed into place once the 
housing of the Pencil has been closed. 

The Pencils of the present invention may also be assembled 
With a hollow body housing formed in a single piece, With 
access at one end to insert the SWitch of the present invention 
at one end (and attach conducting Wires to the SWitch at that 
end), and access at the other end to insert the active cutting 
blade. 

Third Preferred Embodiment 

The full bene?ts of assembling electrosurgical pencil 
sWitches in this fashion may be gained by automating the 
entire assembly process, and extending the process to 
assemble many SWitches simultaneously. The apparatus of 
the SWitch is, in fact, designed to lend itself to just such 
multiple SWitch assembling. To accomplish this, fully auto 
mated machinery may be employed to form and handle arrays 
of components, and position and secure the components of 
the arrays to each other, through every step of the process of 
SWitch assembly. This process is explained more fully in FIG. 
4 and FIG. 5., Which are ?oWchar‘ts, each organiZed to sepa 
rate preformed components from the ?nal assembly of the 
SWitches. HoWever, it should be understood that all steps in 
the process shoWn in FIG. 4 and FIG. 5 may be fully auto 
mated, thus creating a highly ef?cient assembly process. 

Referring ?rst to FIG. 4, a larger metal blank for forming an 
array of metal frames 10 is positioned in a frame array stamp 
201, and a frame array is then produced by stamping 202. In 
the same operation, or thereafter, the frame array is crimped 
203, to form bends in side conducting strip protrusions 44 and 
45, insulation displacement connectors 30, 31 and 32, and to 
form tubular ends 35 for receiving active electrodes. At this 
time, dimples may be formed in the ends 46 and 47 of pro 
trusions 44 and 45, along the length of protrusions 44 and 45, 
and around the peripheries 42 and 43 of bays 40 and 41 of 
main conducting strips 12 or each frame 10 Within the frame 
array, or small amounts of solder or other conductor may be 
placed in such positions, to assist in making the necessary 
electrical contacts When a Button is depressed. The crimped 
or bent frame array may be positioned in an array mold 207 
once the frame array has been bent to form its distinct features 
203. Once in suchposition, the frame array may be secured to, 
and embedded partially Within, the base array upon molding 
the base array 207. 

Continuing With FIG. 4, once the base array has been 
molded, thereby securing Within each base a corresponding 
frame, a Cabinet array, With the array of frames Within, has 
been formed. Pre-formed (stamped and bent) multiple snap 
Dome Springs 110 and 111, having a variety of desirable 
stiffness and sound (When bent) characteristics 211 may be 
positioned in the Wells of the Cabinets, concave side toWard 
the bases of the Cabinets 212. Moisture barriers may 213, or 
may not, be positioned adjacent the array of bases of the 
Cabinets, and then a pre-molded cover array 214 may be 
positioned adjacent the top of the Cabinet array 215, and 
joined to the Cabinet array 21 6, thereby trapping the moisture 
barriers if used. 

Picking up the fully automated process of the present 
invention With FIG. 5, once the pre-molded cover array 214 is 
joined to the Cabinet array 216, a pre-molded Cap array 220, 
and cut and striped array of connecting Wires 221, may be 
positioned together 222, and the Cabinet array from FIG. 4 
joined to the Cap array (With its array of Wires) 223. At this 
point the array of Cabinets are substantially complete and 
sealed, requiring only the physical and electrical separation of 
conducting strips Within the Cabinets, Which may be accom 
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plished by insertion of cutters or punches into the Strip Open 
ings of the Cabinets, to thereby cut all the Strip Isthmus 224. 
At the same time, or before or thereafter, the Frame Isthmus 
may be similarly cut, by passing cutters through the channels 
on the exterior of the SWitch sub-assembly array, thereby 
separating each Cabinet from each other Cabinet 225. After 
this point, the Pencil assembly may be completed in Ways 
usual to the industry, or in a semi-automated fashion as fol 
loWs. 

Continuing With FIG. 5, a pre-molded array of bottom 
housings 226 may be separated 227, and SWitches then posi 
tioned Within bottom housings 228, or a multiple SWitch 
array, once Strip Isthmus are cut 224, may be directly posi 
tioned Within an array of bottom housings 228, and then 
Frame Isthmus may be cut (step not shoWn). In either case, a 
pre-molded array of top housings 229, and a pre-molded array 
of buttons, With stems 230, may be joined 231, and the top 
housings With buttons positioned adjacent an array of bottom 
housings containing SWitches 232, and top housings and 
bottom housings joined 233. Alternatively, Pencils may be 
assembled largely as described above, but Without Buttons 
joined With top pencil housings 231, and then pre-molded 
Buttons may then joined to the otherWise completed Pencils. 
Alternatively, Pencil housings may be formed as closed, uni 
tary pieces, With open ends, the SWitches of the present inven 
tion inserted into the Pencil housings and ?xed in their proper 
places through one of such open ends, and then pre-molded 
Buttons then joined to the otherWise completed Pencils. 

Other embodiments Will be apparent to those skilled in the 
art from consideration of the speci?cation and practice of the 
invention disclosed herein. It is intended that the speci?cation 
and examples be considered as exemplary only, With a true 
scope of the invention being indicated by the folloWing claims 
and equivalents. 
What is claimed is: 
1. A sWitch for an electrosurgical pencil comprising: 
an electrical circuit frame, formed of electrically conduc 

tive metal suf?ciently thick to carry current su?icient to 
cut, coagulate, ablate, excise, cauteriZe, and seal tissues 
by application of electric current to biological tissue, 

the circuit frame having a main conducting strip, a ?rst side 
conducting strip, and a second side conducting strip, the 
main conducting strip, ?rst side conducting strip, and 
second side conducting strip are physically and electri 
cally connected to each other by a plurality of conduct 
ing strip isthmus, 

the main conducting strip having a ?rst bay With a ?rst 
contact ring at its periphery, and a second bay With a 
second contact ring at its periphery, a main insulation 
displacement connector, and means for holding an active 
electrode, 

the ?rst side conducting strip formed With a ?rst protrusion 
Which extends into the ?rst bay, the end of the ?rst 
protrusion positioned approximately in the center of the 
?rst bay, and a ?rst side insulation displacement connec 
tor, 

the second side conducting strip formed With a second 
protrusion Which extends into the second bay, the end of 
the second protrusion positioned approximately in the 
center of the second bay, and a second side insulation 
displacement connector, 

a non-conductive base, forming an open cabinet for the 
sWitch, molded over the circuit frame, the base having a 
plurality of base openings leading from its bottom sur 
face into the cabinet, the plurality of base openings 
formed to expose the plurality of conducting strip isth 
mus, and large enough to alloW insertion of cutters, 
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the base formed With a ?rst Well Which exposes the ?rst 
contact ring of the ?rst bay, and a second Well Which 
exposes the second contact ring of the second bay, into 
Which circuit closing elements may be placed, and 

a ?rst means for making electrical contact betWeen the 
contact ring at the periphery of the ?rst bay and the end 
of the ?rst protrusion, and a second means for making 
electrical contact betWeen the contact ring at the periph 
ery of the second bay and the end of the second protru 
sion, 

Whereby the main conducting strip, and the ?rst and second 
side conducting strips may be physically and electrically 
separated from one another by cutting the plurality of 
conducting strip isthmus. 

2. The sWitch for an electrosurgical pencil of claim 1, 
further comprising a cabinet cover formed With at ?rst acti 
vation opening, for activating the ?rst means for making 
electrical contact betWeen the contact ring at the periphery of 
the ?rst bay and the end of the ?rst protrusion, and a second 
activation opening, for activating the second means for mak 
ing electrical contact betWeen the contact ring at the periph 
ery of the second bay and the end of the second protrusion, 
Whereby the open cabinet of the sWitch may be closed. 

3. The sWitch for an electrosurgical pencil of claim 1, 
further comprising a cabinet cap formed With a plurality of 
guides Which guides are formed to receive a plurality of 
connecting Wires, Whereby such connecting Wires may be 
?xed into the cabinet cap, and the connecting Wires physically 
and electrically connected to the main insulation displace 
ment connector, the ?rst side insulation displacement connec 
tor, and the second side insulation displacement connector 
When the cabinet and cabinet cap are secured to one another. 

4. The sWitch for an electrosurgical pencil of claim 1, 
Wherein the ?rst protrusion of the ?rst side conducting strip is 
crimped along its length so the ?rst protrusion dips slightly 
beloW the level established by the rest of the electrical circuit 
frame, and the second protrusion of the second side conduct 
ing strip is crimped along its length so the second protrusion 
dips slightly beloW the level established by the rest of the 
electrical circuit frame. 

5. The sWitch for an electrosurgical pencil of claim 1, 
Wherein a ?rst small bead of conductive material is ?xed to 
the end of the ?rst protrusion, and a second small bead of 
conductive material is ?xed to the end of the second protru 
sion. 

6. The sWitch for an electrosurgical pencil of claim 1, 
Wherein a ?rst raised contact is formed along a portion of the 
periphery of the ?rst contact ring of the ?rst bay of the main 
conducting strip, and a second raised contact is formed along 
a portion of the periphery of the second contact ring of the 
second bay of the main conducting strip. 

7. An array of sWitches for electrosurgical pencils compris 
ing: 

an array of electrical circuit frames, formed of electrically 
conductive metal suf?ciently thick to carry current suf 
?cient to cut, coagulate, ablate, excise, cauteriZe, and 
seal tissues by application of electric current to biologi 
cal tissue, the circuit frames physically and electrically 
connected to each other by a plurality of conducting 
frame isthmus, 
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the array of circuit frames having main conducting strips, 

?rst side conducting strips, and second side conducting 
strips, the main conducting strips, ?rst side conducting 
strips, and second side conducting strips are physically 
and electrically connected to each other by a plurality of 
conducting strip isthmus, 

an array of non-conductive bases, forming and array of 
open cabinets for an array of sWitches, the array of bases 
molded over the array of circuit frames, the array of 
bases each having a plurality of base openings leading 
from their bottom surfaces into the array of cabinets, 

the bases in the array of bases each having a plurality of 
base channels along their exteriors Which narroW the 
bases at points along their length, 

Whereby the cabinets may be physically and electrically 
separated from one another by cutting the plurality of 
conducting frame isthmus. 

8. The array of sWitches for electrosurgical pencils of claim 
7, further comprising an array of cabinet covers, formed With 
a plurality of activation openings for activating the means for 
making electrical contact Within the array of sWitches When 
the array of sWitches are closed by securing the array of 
cabinet covers to the array of cabinets. 

9. The array of sWitches for electrosurgical pencils of claim 
7, further comprising an array of cabinet caps, formed With a 
plurality of guides to receive a plurality of connecting Wires, 
for ?xing the connecting Wires into the cabinet caps of the 
array of cabinet caps, and the connecting Wires physically and 
electrically connected to the main insulation displacement 
connectors, the ?rst side insulation displacement connectors, 
and the second side insulation displacement connectors of the 
array of cabinets When the array of cabinet caps are secured to 
the array of cabinets. 

10. A method for assembling sWitches for electrosurgical 
pencils comprising: 

forming an array of metal frames from a metal blank by 
stamping or cutting, 

crimping the metal frames of the array of metal frames to 
form insulation displacement connectors and tubular 
ends for receiving active electrodes, 

positioning the array of metal frames in an array mold 
shaped to create an array of molded bases, 

forming an array of open cabinets When an array of molded 
bases having Wells are formed injection of non-conduc 
tive material into the array mold, 

joining pre-molded covers of an array of covers to the 
corresponding tops of the cabinets of the array of open 
cabinets, to close the cabinets, 

joining pre-striped connecting Wires to the caps of an array 
of caps, 

joining the pre-molded caps of the array of caps to the 
corresponding tops of the cabinets of the array of open 
cabinets, to complete formation of an array of sWitches, 

cutting strip isthmus Within the array of sWitches, to physi 
cally and electrically separate electrical components 
Within the array of sWitches, 

cutting frame isthmus betWeen sWitches, to physically and 
electrically separate individual sWitches Within the array 
of sWitches. 


